In this paper we describe the results of a series of geomagnetic meridian plane radar incoherent scatter plasma transport measurements. From such data the eastward (zonal) component of the electric field can be deduced. The results show that the electric field has an eastward component whenever the discrete auroras are northward of the region of the measurement. The zonal field component turns westward as the discrete auroras move equatorward of the region of the measurement. Thus there is an eastward electric field boundary near the equatorward limit of the discrete aurora, which is the poleward boundary of the diffuse aurora during undisturbed periods. During a particularly disturbed period we also observed three pronounced substorm-related enhancements of the westward-directed zonal field. For midnight and morning sector substorms the enhancements preceded the substorm onset times by 20-30 min. We show from meridian chain all-sky camera data that all three enhancements coincided with equatorward expansions of th• auroral oval.
The daia that we shall present in this paper support the following general results concerning the nature of the eastward component of the convection electric field.
1. When measurements are made equatorward of the instantaneous auroral oval as defined by Snyder and Akasofu [1972] , E• is positive; that is, there is a poleward convection component.
When measurements are made within the instantaneous
auroral oval as indicated by the presence of discrete auroras equatorward of the measurement, E• is negative; that is, there is an equatorward convection component.
3. During a 10-hour series of measurements made on February 24, 1973, three pronounced enhancements of the westward-directed electric field component were seen. Each enhancement was coincident with an equatorward expansion of the instantaneous auroral oval. Moreover, the enhancements that occurred during the midnight and morning time sectors preceded major auroral substorms.
4. An anticorrelation of EE with the presence of bright active auroral forms at the 'foot' of the measurement flux tube has been observed. We have interpreted this phenomenon as a manifestation of electric field shorting by local precipitationinduced conductivity enhancements as described by Mozer et a!. [1973] . This effect was observed more directly in the data presented in paper 1 as a signal strength-electric field anticorrelation. In the data reported in this paper the signal levels were generally weaker, so that a direct comparison was inconclusive.
RESULTS FOR FEBRUARY 24, 1973
Radar Evidently, there were three major polar magnetic substorms; the first near 0700 UT and the second near 1000 UT. The third, which was not so well defined, occurred near 1300 UT.
However, from such magnetometer data alone, a precise iden- At 0630 UT, surgelike activity again spread rapidly over Inuvik, and the aurora began to move equatorward. The rate of equatorward expansion had increased sharply by 0650 UT. At •0658 a diffuse luminosity appeared over College and shifted equatorward; it had a rather sharp southern boundary that looked like an arc. Lui et al. [1973] showed that such a feature is a typical appearance of the diffuse aurora. Discrete auroras near the northern edge of the diffuse region became active at that time and spread over College by 0720 UT.
Because the meridian chain was in the evening sector at this time, there are difficulties in identifying the onset time of the auroral substorm. However, a significant brightening of the arc visible above the northern horizon at College occurred at 0658 UT. Thus we tentatively infer that the onset time was at about 0658 UT or a few minutes earlier.
As was noted earlier, there was a weak surge activity 10-20 min before the substorm onset (Figure 3a) . After the onset, at 0658 UT, a very intense surge spread over Inuvik (between 0710 and 0725 UT). Recovery began around 0820 and continued until 1016 UT. Thus the beginning of the College negative H bay at 0940 UT and the associated activity at Sitka prior to 1000 UT occurred during a period of recovery. Moving on to 1300 UT, we see that, as is true for the evening sector enhancement, the morning sector enhancement coincided with an equatorward expansion of the aurora (cf. Figure  3b) . Moreover, we have identified a substorm onset close to 1313 UT as discussed in the previous section. Thus the evening and morning sector enhancements display a remarkable degree of similarity with regard to their substorm relations. Again we note, however, that although these events fit the pattern of a substorm growth phase, the similar pattern that occurred at 1110 UT did not result in'a substorm. Another example of the latter type will be described in the next section.
SUMMARY OF ADDITIONAL MERIDIAN PLANE TRANSPORT

MEASUREMENTS
The data of February 24, 1973, remain as the only evidence of pronounced substorm-related enhancements of a westwarddirected electric field component. This feature has not been in evidence during measurements made through less disturbed periods. However, the general pattern of an eastward-directed zonal field component southward of the instantaneous oval (perhaps in the region of the diffuse aurora) and a westwarddirected zonal component within the region of the discrete aurora seems to be a permanent feature. In this section we shall present additional data that support the conclusions reached in the previous section.
Results for February 17, 1973. A 5-hour series of geomagnetic meridian plane drift measurements was made on Thus our result can be interpreted as follows: some substorms occur after the equatorward expansion of the oval and some occur without being preceded by the expansion (that is, substorms along the contracted oval). This interpretation is consistent with the results obtained by Akasofu et al. [1973] , who concluded further that the oval expansion is not the necessary condition for substorms and that it is unlikely to be a growth phase feature.
